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© Glass fibers coated with agarose for use as column packing or chromatographic media for 
bloseparatlons. 




'© The invention discloses a glass fiber coated with a porous hydrophiiic matrix material comprised of agarose 
which is derivatized to bind a suitable ligand or biological material. The glass fibers of the present invention are 
useful in removing contaminates in a chromatographic process. In one embodiment glass fibers have on their 
surface a coating comprising agarose and polymyxin B which coated glass fibers are useful for removing 
endotoxins in a bioseparation process. 
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GLASS FIBERS COATED WITH AGAROSE FOR USE AS COLUMN PACKING OR CHROMATOGRAPHIC 

MEDIA FOR BIOSEPARATIONS 



This invention reiates to the use of glass fibers coated with agarose for use as co.umn packing or 
chromatographic media for bioseparations. ,^. roA uarious tvnes of biological or 

Biotechnology products are now being « c >f'^ 
synthetic processes. These biotechnology products must be purified to ' em °™ co productt . 
product Examples of biotechnology products which need to be punfied .nclude enzymes, blood proaucts. 
regulatory proteins, drugs such as vaccines, and monoclonal a"*'^'"; aDDroximately 30 -70% of the 

Purification costs for new biotechnology products normally account for approximate Y 30 
manufacturing costs. As such, the rapidly growing Held of biotechno ^^ZlZS^^ 
efficient and economic means for biological product ™™7J^^^^ a 
o commercialization of recombinant DNA products is overwhelmmg and the« potential ™* ^ 

high interest in large scale chromatographic separations. However. c »™ a ^ The 
tion of biological materials is a difficult and costly P™"^ 
advancement of biotechnology and commerc.al.zat.on of DNA products w.H. , m part oe a 
development of improved materials useful for bioseparation processes wh.ch prov.de greater pn stao iy. 

m allow increased throughput, and maintain rapid absor P«^TTl£taM materials is the removal of 
Of particular concern in the separation and punf.cat.on of ^cal mat ° n **J t „„. 

endotoxin, which are often generated by the new biotechnology P^ses. " '* e8 ^l. \S are 
biotechnology products produced by gram negative bacteria to be punfied SSnE 
fragments of gram negative bacterial cel. memOranes. are commonly '^Z^^^!!!^ and 

20 the final product. In particular, endotoxins are a special concern among the com P^ es ^ m /™^ ely low 
sen injectable products for human or animal use. If the endotoxms are .n.ected M 
conceSons. the endotoxin, cause elevated body temperatures. ™£J»J£ ^ 

endotoxins are removed from drug preparations. Of parucular ^oncern are "^J^^ to 
produced by bacterial fermentation. Purification of these products must .nclude endotoxin 

" several criteria ^^^TX ZtZ 

endotoxin during the manufacturing process whi.e not ■ ca »*^j£2^£Z£L*f 
endotoxins. It has been found that various currently unLrab.e 
capture negatively charged materials. This phenomenon is called non-specific adsorpuon ana 

30 in the manufacturing of biotechnology products. ramnval Q # endotoxins during the 

Most manufacturing processes currently rely upon the .nadvertent "^^^imMf^ 
separation and processing steps. Such inadvertent removal «y»™ "»« 3^ n^ oxi s "Tcur- 
arL chromatography, ultrafiltration, precipitation or the ™*^ 

rently removed from pharmaceutical preparations by . - J^T, Z °^Ze '^Z^oX wor* if the 
3S this endotoxin-removal system since membrane f .ttrtt onas low a p ^ 

pharmaceutical product is a protein w,th J^*" 1 "^^ order to obtain 

Therefore, a combination of methods. ,n add..on t 'J^^ not alvvay8 re , ia ble or 

k- 55S5=#s=5S= SES-S 

number of processing steps -s fedu f * has not materiaiized mainly 
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process conditions which are encountered among the various manufacturers, such as. for example, volume 
of process stream ranging from 1-1000 liters, flow rates of 10 ml. to 6 liters per minute. pH ranges of 2.0 to 
12.0. and endotoxin concentrations of up to 100 ng/ml. 

Certain antibiotics, such as polymyxin which is a small peptide, are known to have an affinity for 
s endotoxins. Their use as a selective endotoxin adsorbent requires a support material to which the anitbiotic 
can be attached for contact with the endotoxins during the removal process. Therefore, there is a specific 
need for a support material for use as an adsorbent for endotoxin removal wherein the phenomenon of 
antibiotic affinity for endotoxins can be utilized advantageously. 

There is also a need for a system to purify the biotechnology products manufactured using the vanous 
to known biological and synthetic processes, which system can be specifically adapted or deriyatized to meet 
the particular manufacturer's needs. This invention is also directed to this need. 

This invention is directed toward an improved separation material which will enable a large scale 
commercial chromatographic separations to be economically performed. 

This invention relates to an improved material for use in purifying biotechnology products manufactured 
is using either biological or synthetic processes. In particular, the invention relates to a glass fiber matenal 
having a relatively high external surface area coated with agarose, a porous hydrophilic matrix. The coated 
Tiber can be derivatJzed such that any one of the many known ligands or biological materials can be bound 
to the coated glass fibers. 

The agarose-coated glass fibers are used as generic supports for biochemical separations. The agarose 
so is porous and can be derivatized to bind various ligands or biological materials for use in affinity 
chromatography. In particular, agarose is dispersed in water and heated in order to form a hot viscous 
solution. The solution is coated onto glass fibers either during the glass fiber-forming process or after the 
glass fiber-forming process. The agarose cools onto the glass fiber surface adhering to the glass fiber s 

surface. _ 
33 In one embodiment the invention relates to the immobilization of an antibiotic, such as polymyxin a. on 

agarose-coated glass fibers for use in removing endotoxins in a chromatographic process. A matenal 

contaminated with endotoxins is passed over the agarose-coated glass fibers derivatized with the antibiotic. 

The endotoxins are removed from the material by adsorption onto the agarose-coated glass fibers. 

The agarose-coated glass fibers are easy to disperse and give excellent flow properties. The low 
n packing density obtainable with glass fibers makes chromatography processing at high throughputs 

possible. The excellent mechanical properties of the glass fibers also contribute favorably to the flow 

properties. 

The agarose-coated glass fibers of the present invention are also useful in high performance filter units 
for use in hospitals for such uses as high-performance disposable filter units for use in dispensing l.V. 
33 solutions and disposable filter units for use by hospital pharmacies in extemporaneous compounding. 
Whether l.V. solutions are purchased pre-mixed from a manufacturer, or whether a hospital's pharmacy 
creates its own I.V. solutions, ("extemporaneous compounding"), the potential for endotoxin contamination 
by microorganisms is real. Hospitals often use in-line filters connected to l.V. solutions in an attempt to 
prevent bacteria and particulates from entering the patient's bloodstream, but these in-line filters do not 
40 always prevent endotoxins present from being released. 

Further, there is a demand for low-endotoxin cell culture media for use by biotechnology and 
pharmaceutical companies to produce a variety of recombinant ONA pharmaceuticals and vaccines. Cell 
culture media manufacturers are interested in an improved endotoxin removal system. The coated glass 
fibers of the present invention are also useful in the cell culture media market. 
45 Fig. 1 is a schematic diagram of one of the endotoxin removal systems. 

Fig. 2 is a schematic diagram of another of the endotoxin removal systems. 

Fig. 3 is a graph depicting the breakthrough profile for endotoxin adsorption in a column test 

Fig. 4 is an enlargement of the graph shown in Fig. 3. 

Fig. 5 is a graph depicting the breakthrough profile for endotoxin adsorption by agarose-coated 
so polymyxin activated glass fibers. 

According to the oresent invention, well-dispersed, coated glass fibers are used as effective chromatog- 
raphic supports in t«e purification of biological products. The coated glass fibers have an advantage over 
commercial gel supports in high throughput, high How rate applications due to the glass fibers' superior 
55 mechanical strength and high external surface area. Further, the activated coated fibers display low levels of 
non-specific absorption and remove significant quantities of contaminants from the solution containing the 
final product In particular, the high external surface area and noncompressible nature of glass fibers yield 
significant flow advantages giving higher throughput in a chromatographic column separation. Also, control 
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of the glass fiber diameter and coating thickness yield advantages in resolution and column flow. 

This invention can be practiced with any glass fibers which can be formed and chopped into suitable 
lengths. The term "glass fibers" as used herein shall mean filaments formed by attenuation of one or more 
streams of molten glass and to short lengths of glass formed when such glass fiber filaments are cut or 
s chopped. In a preferred embodiment of the invention, randomly oriented, unsized, chopped glass fibers 
having a length of approximately 1/4" are used. Glass fibers have such advantages as noncompressibility. 
high external surface area, macroscopic lens, microscopic diameter and hydrophilic surfaces. The packed 
glass fibers give good flow dispersion characteristics. The glass fibers perform well at high flow rates where 
conventional chromatographic media normally fail. Agarose-coated glass fibers show no measurable amount 
io of non-specific adsorption with model proteins. 

The randomly packed glass fibers have a low density (5-10%) compared to spherical packing materials 
(typically 50%). The low packing density obtainable with the glass fibers makes processing and purification 
of the biotechnology product at high throughputs possible. Uniform dispersion of fibers during the column 
packing aids in achieving column flow without significant channeling occurring through the packed fibers. ■- 
is The present invention can also be utilized as a cartridge design chromatography column which is 
simple to use in that the entire cartridge can be inserted into the production process by the manufacturer. 

In addition, the agarose-coated glass fibers can be formed into a glass cloth for use as an adsorptive 
filter to be used to remove particulates by filtration, as well as dissolved material by adsorption. 

By the use of the present invention it is possible to immobilize a wide variety of biological materials to 
20 produce novel composites. These biological materials can include animal cells, anitibodies. antibiotics, 
antigens, carbohydrates, bacteria, coenzymes, enzymes, fungi, microbial cells, plant cells, tissue cultures or 
yeast The following examples describe the process for making and the manner of use of the invention with 
respect to the immobilization of polymyxin B on agarose-coated glass fibers for use in removing endotoxins. 
For example, endotoxins are absorbed from a flowing process fluid onto activated coated fibers. The feed 
25 endotoxin concentration is reduced from 1700 ng/ml to below .1 ng/ml. The capacity of the activated coated 
fibers is 133.000 ng endotoxins/g glass. 

The chromatographic medium of the present invention is useful for removal of endotoxins from products 
produced by conventional and r-ONA technology and purification of blood proteins such as antithrombin III. 
Factor 8. and albumin. For each specific application the agarose-coated glass fibers are derivatized with a 
so material having a specific affinity for the product to be separated. 

Several requirements which must be met for the chromatography process to be commercially accept- 
able include that the requirement of the system must not leach, must not adsorb other proteins and must 
reduce endotoxins to less than .1 nanogram/ml in the final product According to the present invention 
leaching of biological materials was not detected down to the part per thousand level, 
as The glass fibers are coated with agarose as follows: the agarose is dispersed in water, preferably 2-4 
percent, by weight, and heated to approximately 70' C in order to form a hot viscous solution. The agarose 
solution is coated onto the glass fibers either during the glass fiber forming process or after the glass fiber 
forming process. The agarose-coated glass fibers are allowed to cool and the agarose cools onto the glass 
surface, adhering to the glass surface through multiple hydrogen bonds. The agarose-coated glass fibers 
40 thus form a biologically inert material having a relatively uniform size. 

The agarose-coated glass fibers are useful in a chromatographic separation process such as affinity 
chromatography or liquid chromatography. The agarose-coated glass fibers can be used to immobilize 
biomaterials for an end user's own separation needs. The agarose-coated glass fibers can be derivatized 
with an immobilized antibody, antibiotic ligand or protein designated to separate or purify specific products. 
45 The agarose-coated glass fibers can be provided in a cartridge design that is to be added to a 
manufacturing process stream with virtually no modifications to the manufacturing process. 

The immobilization of polymyxin B on glass fibers can be accomplished as follows: Water sized EK 
6.75 glass strand is coated off-line with a 4% agarose 1H 2 0 solution. The coated strand is rinsed with a 
deoxycholate (1M) solution, followed by a pyrogen-free H 2 0 rinse, to assure that the strands are 
so uncontaminated prior to cyanogen bromide (CNBr) activation. 

The agarose-coated glass fiber strands are activated by treatment with a 100 mg/ml solution of CNBr in 
2M phosphate buffer. pH-11. for 1 hour; after which the glass is rinsed with pyrogen-free H 2 0 and then with 
0.5M NaCI in 0.1 M NaH#OH3, pH-9.0. Poi'ymyxin-(200 mg/ml in 0.5 NaCLO.IM NaHC0 3 ) is allowed to 
react overnight at 4*C. fne excess polymyxin is rinsed out using pyrogen-free H 2 0 and any unreacted 
55 imido carbonate sites are blocked by a 1 hour treatment with a 1M glycine solution. At this point the coated 
glass fibers are rinsed with pyrogen-free H 2 0 and can be stored at 4* C in H 2 0 or deoxycholate. 
The following are examples of how the glass fibers can be coated: 

Aqueous solutions of 2 percent and 4 percent agarose (Sigma M-3768) are coated onto J-7 strand 
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glass fibers using a hot melt chemsize applicator. The solution temperature is kept at approximately 80 * 
5* C. and the applicator temperature is approximately 60 s 5 C. In a preferred embodiment the agarose is 

heated to approximately 70 C. . ^ 

Packages composed of 400 filaments/strand were also prepared by collecting a spirt strand. The 
s coating weight on these samples are listed in Table I. as measured by loss on ignition tests 

weights of up to at least about 1 percent agarose of the total weight are achieved. As seen in Table I, me 
percent by weight of agarose coating can range between 2-4%. . Mnna * in 

Hiqher weights of agarose are achieved using an offline coating process. The glass strand is dipped in 
a agarose solution, sent through a stripper dye. and wound on a spool. Table II contains information on the 

ro coating weight of these samples. 

Figures 1 and 2 are schematic diagrams of the endotoxin removaJ system. Glass fibers are coated witn 
agarose, a porous, hydrophilic gel. The function of the agarose is to provide increased surface area and a 

biologically inert surface. . c- _ , „ 

Two attachment chemistries are shown: activation with cyanogen brom.de. as shown in i Fig. 1 or 
,s activation with a sulfonyl chloride, as shown in Fig. 2 In cyanogen bromide actvat.cn vicinaldiols m the 
agarose react to form a relatively stable imido carbonate active intermediate. When attacked !>»»«" 
(the polymyxin B) under nucleophilic conditions, the amine (polymyxin) becomes .mmobilized via an .sourea 
linkage. The bond forms rapidly and is stable at neutral pH. 

The derivation procedure for CNBr was as follows: Stock solutions were prepared 00 mg/ml CNBr 
» in 2M potassium phosphate bufferJpH 11.5-120): 1M NaHCOi ♦ .5M NaC. (pH 8.3): 1M Glycine m Ms 
buffer £h 8.0): 2M Potassium phosphate buffer (pH 11.5-12.0); 200 mg/ml Polymyxin B sulfate m. M 
NaHCOj ♦ .5M NaCI (pH 8.3): .1M Tris buffer (pH = 8.0) ♦ 1% sodium deoxycholate (deoxycholic acd) 

At a rate of 0.05ml CNBr stock solution of 5 ml PO* buffer enough solution was prepared to completely 
cover the sample (in a sterile container). The sample was allowed to soak, while stirring, for 1 hour in the 
as CNBr/phosphate solution, and then was rinsed 3 times with pyrogen-free water and one time , wrth i_im 
NaHCOi ♦ 1.5M NaCI. The sample was immersed in the 200 mg/ml Polymyxin solution and allowed to 
soak 24 hours. The solution was stirred or agitated at least part of the this time and was kept on tee or jn 
the refrigerator. The sample was then rinsed 3 times with pyrogen-free water and then immersed w MM 
glycine solution for 1 hour; further rinsed 3 .times with pyrogen-free water and soaked in "W**" 
30 solution until ready to test then rinsed 3 times with pyrogen-free water immediately pnor to testing for 

endotoxin removal. _ „ _ . ,„„_,_ 

Sulfonyl chlorides are also used to activate the agarose, as shown in Fig. 2. The sulfonyl chlonde reacts 
with a hydroxyl group on the amine to form the sulfonate ester. The sulfonate ester can be tailored to be 
more or less reactive by choosing a sulfonyl chloride having a different electron withdrawing groups The 

u resulting intermediate formed can then be more or less reactive, as is desired. The su ^ nate es * ers 
subject to attack by primary amines under acidic or basic conditions and the resulting linkage « a 
secondary amine group. Activation with : sulfonyl chloride results in a bond (secondary amine which is 
impervious to hydrolytic attack and which is unchanged over a broad pH range. One advantage to the use 
of the sulfonyl chloride chemistry is that the sulfonyl chloride compounds are less hazardous to handle than 

40 . other compounds, such as. for example* cyanogen bromide. , 

Four different sulfonyl chlorides: p-nitrophenyl. tosyl. pentafluorobenzyl. and tn.sopropyl benzy . were 
tested for their ability to activate the agarose. Of the four, p-nitrophenyl gave the highest subsequent levels 
of loading, followed by triisopropyl benzyl, tosyl and pentafluorobenzyl. The pentafluoro sulfonate ester 
intermediate formed was very reactive. - - ; ,. „ . , u „ 

45 Activation with a sulfonyl chloride requires the use of an aprotic solvent, in the first tests the activations 
were done in 5% triethylamine/ethylacetate. The triethylamine acts to sequester the HCI produced during 
the reacting by forming the insoluble triethyl ammonium chloride salt In further tests, a number of other 
solvents were tried-pyridine. dioxane. methylethyl ketone. THF. Although the agarose does not swell .n 
pyridine as much as it would in water or ethanol. pyridine produces a greater degree of swelling than any of 

so the other solvents. _, . . . _ . , 

In a typical activation procedure. 25 grams of agarose which had been dned under vacuum ,n a 
dessicator and 12.5 grams of pNPh are dispersed in 100ml of pyridine. (No triethylamine .s needed, as the 
pyridine acts as the acid scavenger). The reaction mixture was shaken gently. The pyridine was filtered and 
The agarose was suspended and completely dispersed in distilled water. The agarose was h tared by grav.ty 

ss and the water wash was repeated. The agarose was finally rinsed with one liter of distilled water using 

SUCt The activated agarose was checked for active sites by allowing 0.lg (wet) of material to soak for 2 
hours in 5% 1.6-diamino hexane/O.IM NaHC NaHCO, (pH 11.0) solution, thoroughly rinsed, with distilled 
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wate , and checKed with ninhydn, A deep jjpjc* ^^ZX^SZSZ 
sulfonyl chloride. The agarose can be stored damp at 4 C for at least 

sites - . „ , m« 1 mara olass) and Sample No. 5 were tested for endotoxin 

Referring now to Table ». Sample |Na 1 (bare gj«s^and b P ^ ^ ^ 

i removal efficiency in batch tests. Sample No 5 was reacteo ' «™ The endotoxin solutions tested had 
tests involved immersing 20 mg. of glass '"^'^S^ did not remove endotoxin from all 
a concentration of 1. 10. 100. 1000 and 10.000 "JJK^nj*^ ^ 10000 

solution,. Sample No. 5 removed 99 percent of avalable J^^J^ to.OOO ng/m. 

ng/m, after 24 hours. Samp.e Na 5 removed J^^^iSa. endotoxin. The capacity. C. of 

° - - of 9iass: 495 x 

" 9< ?r « sho^L different types of +-™^ t £™<^ EZZSEZ 

column volumes/hr.. 99 percent of the endotoxin was ^removed. - |ems Qf 

,n the purification of biological matenals great «^ *J* ^when compounds or 
which is the introduction of foreign materia, .nto ft e ^process sfreamu Uaching «xu ^ ^ 

ions of the chromatographic materia, are S0 !"*''* B e ^ the antibiotic or an 

30 contamination. In an endotoxin removal system fte e ar Vj"^™,, gla £ fib6rs . The inorganic ions 
amino acid fragment of the antibiofc. agarose '^^^l^JJ^, any ions leached from the 
are not a problem when the agarose completely coats the glass surtace. runner. , 
glass surface are detectable by routine ion analysis. antibiotic polymyxin at low 

Referring now to Table .... four different methods were «£ J. BCA assay 

25 .evels of concentration-UV spectroscopy. ^ "T^^^S^^a p Vr thousand or 10"* M 
for proteins sold by the Pierce Co. At a lower l.m.t of 1 g/ml. P^jmi tf me para p ^,^"5 
is detectab.e in solution. In order to increase the ~^J^J*ZZ ^ LC-FID (Liquid 
method for the detection of low .evels of agarose .n solution ampjes ^tested o ^ 
chromatography-flame ionization detection). Through the use of direct prooe maw n~ 
30 polymyxin and agarose were detected at the 100 ng/ml level . . t ^ of coat ings 

* Referring now to Table IV. further experiments were ""^J^^SSS 1 9™ of glass 
during and after a total of 25 column volumes of water or buffe All «^ "Jj^ JLd with five 
and a column volume was defined as 1 ml of so.u«on. Each ^J^^^^J^ were 0.1 M 
column volumes of endotoxin free water (efw). For the S^^i^^H- PW- to 4.5 with 

39 phosphate at pH 4.5. 7.0 or 9.0. For the inorganic « ^HS^TS 52r was used for the pH 
acetic acid (HOAc) and 9.5 with ammonium hydroxide (NH»On). tnooroxin «w 

70 rTL column volume of buffer was coveted alon, ^ 1-J ^^*JS£~ 
column volume of efw rinse was ^^^^^^^S^, interference caused by the 

40 collected. These samp.es were then sub,ec ed to the BCA test for praters 
buffering ions occurs, lyophilizing the samples (HOAc and NH»OH are ootn 

co»n to tM ppt le-* "0 polymyxin Is detectable » , „„, sMm[ cnlortae . Optimum 

T*. ptocedures «>™™^l£^Z^^>>™ Me** rcmo*. "om 

^^^^^ T ^^^7r^ - 

contemplated to be within the scope of this invention. 
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Polymyxin activated coated fibers of the present invention are usefu. as an endotoxin specific 
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adsorbent The coating material tested for endotoxin adsorption was agarose. Th.s matenal was examined 
Z£ wTJ wiftout oolymyxin activation. Results of these experiments, obtained using ttasks containing a 
S^lo^^ and an endotoxin laden fluid, are shown in Table V. One result shown 

r y TerSis thTrpolymyxin activated materials adsorbed significantly more endotoxin than the non- 

"TJE^ was conducted in which endotoxin was adsorbed from a ..owing process fluid onto 
oolvmSnTtivated agarose«oated fibers. Shown in Figure 3 is the breakthrough profile of ^endotoxm 
£»X Z£S£*» endotoxin concentration to the volume fed to the column^ In ft., « 
2Sto was 1700 ng/ml. the flow rate was 0.5 ml/min.. the bed volume was 25 ml. and fte packing 
weioM w« 6 g glass Figure 4 is an eniargement of the initial portion of the graph shown in Rg 3 This 
T^riaTwas e^eSe in reducing the feed endotoxin concentration from 1700 ng/ml to below 0.1 ng/mL 
?^J^3SrS^Sn»S. terms of percentage endotoxin removed and. the reduction of endotoxin 
SncenStJon from ^acceptably high leve. in fte feed to less ftan 0.1 ng/m. .n ' « ^^J^S! 
total capacity for this material, from an extrapolation of the breakthrough curve, s ^OOOng *^M9 
glass IbeV. Assuming a maximum allowable endotoxin concentration of 0.1 ng/ml. the effective capacrty for 
this column was 49,000 ng endotoxin/g glass. 
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The adsorption of endotoxin on bare and coated glass fiber materials was examined in 
scale batch experiments. A column test was performed with one of these matenals (polymyxin activated 
a^se) to oSLn a breakthrough profile. Endotoxin concentration in solutions was determined using the 

3* Chromoaenic Quantitative LAL Assay Procedure (Whittaker. Inc.). _ . 

23 ° SmTscaie batch endotoxin adsorption test, were conducted: Stock endotoxin 

using Lipopolysaccharide No. L-2637 From E. coli 055:B5 (Sigma Chem.cal Co.. St Louis. MO). .The 
oesinad aTunt of fiber materia, was placedTn Zootoxin free glass tubes (200 mg o^s«^ted 
fibers). Stock endotoxin solution was diluted to desired initial concentrations and then 5 mlj was ^added to 

30 each tube containing the fiber materials. F.ber materials were contacted l with ^;« co ^7 me 3r ^ 
minutes at room temperature following vigorous mixing by vortexing. At the end of the contact time, the 
supernatant was diluted to the assayable range for endotoxin (0.01-0.1 ng/ml) and assayed. 

Small scale batch endotoxin adsorption test results were as follows: For the 'V^^^V^ 
specific adsorption of endotoxin due to polymyxin was compared with the non-spec.ftc adsorption Results 

3S arc given in fable VI. As can be seen, the agarose^oated glass fibers activated w„h polymyxin adsorbed 
greater amounts of endotoxin per fiber weight (ngmg) than the agarose-coated fibers w.thout polymyxin. 
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The procedures used to prepare a column and conduct an adsorption test are as follows: 
coated glass fibers were packed into a 2.5cm diameter glass column in the same manner as for the flow 
characterization studies. Bed height was 10 cm. Column and associated tubing from pump .ntake to fraction 
collector were washed by passing approximately 10 bed volumes of 1% doxycholate solution foltowed _by 
20 bed volumes of endotoxin-free water. A flow rate of approximately 3 ml/min was used for washing. Tne 
column effluent was tested to insure that it was free of endotoxin and deoxycholate. At th.s point, tne 
column was considered free of endotoxin and ready for the adsorption test. An endotoxin containing feed 
solution was passed through the column at a selected flow rate. Effluent fractions (20 ml) were collected 
into endotoxin-free glass tubes using an automated fraction collection. The feed and collected fract.ons 

were assayed for endotoxin. ... 

The breakthrough profile for removal of endotoxin by agarose-coated. polymyx.n activated glass t.bers 
is shown in Rg. 5. ;n this test, the feed concentration was 1700 ng/ml. the flow raate was 0.5 ml/mm the 
bed volume was 25 'ml. and the packing weight was 6 g. glass. From this, the total and 
capacities were estimated for agarose-coated fibers. Total capacity is the amount that can be adsorbed , an 
avaLe sites are utilized. The effective capacity is defined as the amount of endotoxin adsorbed pnor to 
the effluent concentration exceeding an allowable maximum, as shown in Table VII. 
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The non-specific adsorption o, protein by the agarose^ « [""J*™^^^ 
bovine serum albumin (BSA). The Pierce ChemicaJ ^Proem As say w -J^ ^ experiment, 
concentration. None of the fiber samples tested ^f^J^S^Si tests, TfTdesired 
were performed in a simiiar manner to *J«*^J"*JZ^ CTsoLon (5-10 ml) was 
quantity of bare or coated fibers was weighed and placed m glass *J"-™T adsorbed wa8 
*tet and allowed to contact 30 minutes with occasional ^e^ZTZ starting 

determined by assaying the solution after contacting and calculating the drfterence rro 



solution. 



Sein adsorption o, bovine serum albumin (BSA, and insuHn occurs ^ -led and bare glass 
«. When the bu.k phase concentration is low no f^^^J^,^^ 
ignificant amount of protein removed from the bulk phase. Table VIII g.ves tne proie. 



fibers. When the bulk 
insi 

1$ for the materials tested 
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A commercial samp.e of polymyxin B immobilized on agarose was loaded into* l column and tested on 



0.1 and 0.5 per hour. 

EXAMPLE 6 



30 



35 



n— fiber* were coated with agarose using an off-line coating process. The agarose^oated glass 
samples soaked in the deoxycholate solution did not lose activity. 



EXAMPLE 7 
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43 



Vadous chafes cad » made i. the coaSro precede sued as a«« action of tte '•^*^ 



column. 



so 



EXAMPLE 8 



5! veteones from 0.25 o 10 ta< « « 8nao ,o»m » o»or 1.5 mg. m the 

^^-"S^I-^^-2 T yW „ MM .*<-. - con« -.000 n m 



per ml. 
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EXAMPLE 9 



A second testing of coatings included use of various strands, which were coated off-line with agarose. 
These coatings were heavy and comprised from 30 to 50% of the total weight of the system. The coated 
strands were then activated using cyanogen bromide. The activated strands comprise a "genenc support 
that can bind any protein. The activated strands were then soaked in polymyxin which binds to the cyano 
groups on the agarose surface. 
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EXAMPLE 10 



A portion of the polymyxin-agarose-glass composite was used for protein tests which qualitatively 
measure the presence of immobilized polymyxin. The remaining strands were washed in glycine (an amino 
acid) to neutralize any unreacted cyano groups. These strands were then measured for endotoxin removal 
activity The fibers produced selectively removed more than 99% of the endotoxin from the solution witn 
little non-specific adsorption. A solution containing 1700 ng/ml was purified to endotoxin level of less than .1 
ng/ml The capacity of the column was about 10« nanograms. The concentration and the time of exposure 
of the agarose-coated glass to the coupling agent was controlled. Good results are obtained when each 
gram of glass is immersed in 10 ml of a solution of 1 to 4 mg coupling agent/ml for 1 to 4 hours. 



EXAMPLE 1 1 



In another test, glass fiber strand was off-line coated with agarose then chopped and dispersed to form 
a slurrry The slurry was poured into a column, then derivatized and polymyxin was attached to the column 
packing The glass strands which had been coated with agarose and loaded with polymyxin using cyanogen 
bromide activation were then tested for endotoxin removal. The glass strand samples removed between 50 
to 90% of the applied endotoxin. 



EXAMPLE 12 



p-Nitrobenzene sulfonyl chloride was used to activate glass samples which had been treated with bis(2- 
hydroxyethyl) aminopropyltriethoxy-silane. These samples were allowed to react with polymyxin and tested 
for ability to remove endotoxin from solution. The glass strand treated as above removed between 95% to 
40 99.5% of the applied endotoxin. 

Further, tests show that more uniform agarose coatings may be possible by altering the coatings during 
the forming process. In single-hole bushing experiments, agarose was coated onto a glass strand and was 
found to be satisfactory after derivatization for removing endotoxin. 

It will be evident from the foregoing that various modifications can be made to this invention. Such. 
45 however, are considered within the scope of the invention. 



so 
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Sample 

1. 
2. 
3. 
4. 
S. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 



Description 

H2O sized control 
Agarose coaling 
Agarose coating 
Agarose coating 
Agarose coating 
Agarose coating 
Agarose ♦ sulfonyl chloride 
Agarose ♦ sullonyl chloride 
Agarose 
Agarose 
Agarose 

Agarose (no prepad) 
Agarose (no prepad) 



% Agarose 

~0 
2 
2 
2 
4 
4 
3 
3 
4 
4 
4 
4 
4 



Pump 
Speed 



30 
20 
20 
30 
30 



Roll 
Speed 

T 
8 
6 
12 
8 
6 
6 
6 
6 
3 
6 
6 
6 



2000 


.13 


400 


.19 


2000 


.26 


400 


.76 


400 


.87 


2000 


.32 


400 


.31 


2000 


.25 


400 


10.03 


400 


.95 


400 


1.80 


400 


1.00 


400 


.91 



TABLE II 



Coating weights, offline 




Sample 


% Agarose 


% Wt. 






Loss 


1. E glass cloth 


2 


50.7 


2. S glass cloth 


2 


41.1 


3. EK6.75 strand 


2 


25.4 


4. SG75 strand 



2 


44.9 



TABLE III 



Detectability of polymyxin in solution 




Concentration 


uv 


Ninhydrin 


Commassie 


BCA" 


Polymyxin 






Blue 




10 mcyml 




+ 


♦ 


+ 
+ 


1 mg/ml 




+ 






100ug/ml 




♦ b 


+ 


+ 


10 u g/ml 








+ 


1 a g/ml 











(b) 5 coats of sample applied to plate. 
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TABLE IV 





BCA Assay of sample in Leaching Experiments j 










s 


Sample 


1st Col. 
Volume 


15th Col. 
Volume 


Final 
Rinse 




H 2 0 

fibers _____ 


pH ■ 4.5 
pH = 7.0 
pH » 9.0 








10 


Agarose-coated 
fibers 


pH » 4.5 
pH » 7.0 
pH » 9.0 








IS 


Agarose/CNBrVpolymyxin 
coated 

fibers 


pH a 4.5 
pH = 7.0 
pH a 9.0 








20 


Agarose/SCI/polymyxin 

coated 

fibers 


pH = 4.5 
pH a 7.0 
pH a 9.0 









'CNBr » cyanogen bromide 
SCI - sulfonyl chloride 



TABLE V 





Endotoxin Adsorption On Coated Glass Fibers 




30 


Sample 


Polymyxin 
Activated 


Initial Endotoxin 
Cone. NG/ML 


Final Endotoxin 
Cone. NG/ML 


Endotoxin 
Adsorbed NG/MG 
Fiber 


33 


Agarose Coated 
Agarose Coated 
Agarose Coated 
Agarose Coated 


No 
No 
Yes 
Yes 


400 
400 
780 
780 


340 
320 
310 
430 


1.5 + '-0.3 
2.0 + /-0.3 
11. 8 + '-1.1 
8.8 + '-1.1 
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TABLE VI 





Endotoxin Adsorption On Glass Fiber Support Material 




s 


Coating 


Fiber 
Weight 
(mg) 


Vol. 
(ml) 


Endotoxin 
Initial (ng/ml) 


Cone. Final 
(ng/ml) 


Endotoxin 
Adsorbed (ng/ml 
Fiber) 


ro 


Bare 

Glass 

Fibers 


10 
10 
in 

10 


~~ 5 

5 

s 

5 


3760 
37.6 
3.76 
.376 


3240 
29.5 
3.5 
.295 


260 
4 

.13 
.04 


15 


Agarose-coated 
fibers without 
polymixin 


200 
200 


5 
5 


400 
400 


340 
320 


1.5+/-0.3 
2.0 + /-0.3 




Agarose-coated 
fibers with 
1 polymixin 


200 
200 


5 
5 


780 
780 


310 
430 


11.8+/-1.1 
1 8.8+/-1-1 



TABLE VII 



Total Capacity 


133.000 ng/ml glass 


Effective Capacity 


Maximum Endotoxin 
Concentration Allowed In Column 
Effluent 


Effective Capacity 


0.1 ng/ml 
1 .0 ng/ml 


49,000 ng/g glass 
56.000 ng/g glass 
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TABLE VIII 



Adsorption of Protein on Bare and Coated 
Glass Fiber Materials 



Sample 

Bare Glass 
Bare Glass 
Bare Glass 
Agarose »1 
Agarose ttl 
Agarose ftl 
Agarose &1 
Agarose H 
Agarose ft 3 
Agarose f 3 
Agarose W2 
Agarose #2 



Initial Final 
Cone . Cone . 
protein Ug/ml) {jxqi^l) 



Insulin 

BSA 

BSA* 

BSA** 

BSA** 

BSA 

Insulin 
Insulin 
Insulin 
-Insulin 
' insulin 
Insulin 



6.3 

11.2 

1250 

2000 

1000 

11.2 

.13 

102 

13 

-102 
—97 - 
69 



6 ."4 
12.7 
1034 
1795 
959 
10.7 
14.5 
103 
12.3 
-106 
-93.5 
67 



Amount Fiber 
Adsorbed Wt. 
t/tg/g fiber) (mg) 



NDA 
NDA 
1080 
410 
82 
NDA 
NDA 
NDA 
NDA 
NDA 
-NDA 
NDA 



200 
200 
4000 
5000 
5000 
200 
200 
200 
200 
200 
100 
100 



All samples incubated with 5 ml protein 
where 20 ml was used and ** where 10 ml 
NDA --No Detectable. Adsorption 



solution except * 
was used. 



Claims 



, A glass liber having on it. surface a coating comprising a porous h,c,.ph,lic matrix bematiaeb ,o 

*Zr»^TZ^T^Z™L^ a iiganb o, biological m„..,a, immobtiizeb on a glass 
■".TS! »-lU'on '« surrace a coating comprising a porous «»d.oph„ic matr« compriseg o, 

"'ttglass liber according .0 claim 5 or claim 6. -herein ,h. agarose mam, has been applied to the 
glass liber surface in the Idrm ol a hot melt. 
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10 



8. A glass fiber according lo an, one of claims 5 to 7. .herein the agarose matrix has been applied to 
" STSS™ »^ SEES . i. .h»ein - agarose mabix he, M »w«- 

~5TS2XZ£££* — — * — *» — - • " Br0CM * 

™S^ y ^17»^rn 0 .„ c,«m „. wherein to ligand o, biological ^*~<£ 
*J?JZ£ZZ antibodies antibiotics, antigen,. cart»h»drates. bade*, coenzyme* enzymes, long,, 
microbial cells, plant cells, tissue cultures and yeast . ne „ ant i hio tic 

U A composite according to claim 12. wherein the ligand or biological matenal comprises an ant.b.otte. 

14. A composite according to claim 13. wherein the antibiotic comprises polymyxin B. 
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